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1 
This invention relates to an improved method 
of regenerating anion exchange materials and fo 
compositions suitable for carrying out the 
method. 
Anion exchangers in the active basic for.m are 5 
commonly used fo remove relatively strong acids 
from water solutions. After exhaustion of the 
exchangers, the adsorbed acids on the exchanger 
may be removed by means of basic solutions. 
Thereby the exchangers are regenerated fo the 10 
active base fore and corresponding salts of the 
adsorbed acids are formed with the regenerant 
base. The latter are washed out of the re- 
generated basic exchange material, which is sub- 
stantially insoluble. 15 
In many applications, for example, in water 
purification practice, if is desirable fo use only a 
relatively small fraction of pure water fo make 
up solutions of the regenerant. Bases are com- 
monly chosen which will form soluble salts with 20 
the strong acids commonly round in natural 
waters including, especially, sulftu-ic acid as well 
as hydrochloric acid and sometimes nitric acid. 
Accordingly, sodium hydroxide, sodium carbon- 
ate and ammonia are most commonly recoin- 25 
mended in order fo form such soluble salts. How- 
ever, these alkalies are relatively expensive rea- 
gents. 
If is an object of this invention to provide 
methods of regenerating fo the active basic form 30 
conventional anion exchange resins which con- 
tain strong acids including sulfuric acid or other 
acids, such as phosphoric acid, by means of less 
expensive solutions. It is also a pro'pose of this 
invention fo provide methods of preparing and 35 
recirculating such solutions through the ex- 
changer in which the saine amount of water can 
be used repeatedly. Other objects will appear 
from the following disclosure. 
If is now round, in accordance with the pres- 40 
ent invention, that exhausted anion exchange 
materials, or partially exhausted anion exchange 
materials--and nore especially anion exchange 
materials, in combination with an acid or acids, 
and therefore, containifig an acid such as phos- 45 
phoric or sulfm-ic acid--may be regenerated with 
alkaline solutions containing alkaline earth 
metals, such as calcium hydroxide, even though 
such metals tend to form sparingly soluble phos- 
phares or sulfates, and their solutions have here- 50 
tofore been regarded as prohibited on this ac- 
count. 
In general, the invention comprises the step 
of Percolating tln-ough the basic or "active" form 
of an anion exchange resin waters containing 55 
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dissolved acids, such as phosphoric acïd, sulfuric 
acid--(or other acids which form but sparingly 
soluble salts with the alkaline earth metals, not- 
ably calcium)--until the basic form of the ex- 
change material is partially or substantially 
completely converted fo the exhausted form. The 
bed of exchange material is then regenerated by 
means of a solution of a basic compound of an 
alkaline earth metal such as calcium hydroxide. 
In so doing, if is now round fo be advantageous 
fo pass the regenerant solution through the ex- 
change material in a direction opposite fo that 
in which the acidified waters (which have been 
purified thereby in causing exhaustïon of the 
anion exchange materials), have been passed 
therethrough in exhausting the anion exchange 
material. 
Preferably, therefore, the regenerant solution is 
passed through the exhausted anion, exchange 
material in the direction of increasing degree or 
concentration of exhaustion (or acidification) of 
the exchanger bed. In this way if combines with 
the most intensively acidified portion of the ex- 
change material last, and with the least strongly 
acidified portion of the exhausted exchanger bed 
first, and preferably in an upward direction. 
The alkaline regenerant solution, as thus com- 
ing from the anion exchanger bed and contain- 
ing ifs dissolved salts and suspended insoluble 
salts, may be mixed with fresh alkaline regen- 
erant material, which will be dissolved therein, 
while the insoluble material nay be removed by 
settling, decantation, filtering, etc. The clari- 
fied solution is thenreturned for re-use in regen- 
eration of other exhausted anion exchange ma- 
terial. 
When the thus re-used solution bas accumu- 
lated a large concentration of soluble salts in 
this manner, or such that if will not dissolve an 
adequate amount of the alkaline earth metal in 
basic or hydroxide form, if may be treated for 
their separation, as by selective evaporation, 
crystallization, or the like. 
When mixed solutions of strong acids, such as 
hydrochloric acid, nitric acid and sulfuric acid, 
are passed thïough an anion exchange bed in the 
basic fore the divalent sulftu-ic acid is adsorbed 
preferentially over the univalent nitric and hy- 
drochloric acids. As a result, if the solution is, 
for example, passed downward tl-a-ough the ex- 
changer bed, the upper portion of the bed is 
preferentially converted by the sulfm-ic acid com- 
ponent and contains most of the sulftu-ic acid 
while the lower portion successively contains the 
nitric and hydrochloric acid. 
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If a lirae solution is passed through this bed 
in the saine direction as the acid water solution, 
(i. e., downward in this example) then calcium 
sulfate is formed and largely precipiated in the 
upper portions of the bed. The bed then acts as 5 
a filtering medium for this solution resulting in 
a rapid fouling of the bed. In tact, the calcium 
sulfate precipitates and forms a scale on the ex- 
change granules which causes a rapid decrease in 
their further acid adsorption, l0 
On the other hand, if is now discovered that 
when the lime solution is passed through the bed 
in the direction opposite fo that of the acid con- 
taining waters, that is upward in this example, 
then the lime cornes first successively into contact 15 
with hydrochloric and nitric acid- in the exhausted 
exchange materials and forms primarily soluble 
calcium salis (the chloride and the nitrate), in 
the lower portions oï the bed. The solution con- 
taining these soluble salis continues fo travel 20 
upward through the bed without precipitation 
until it reaches the upper portion which contains 
the sulfuric acid. Here, sparingly soluble calcium 
sulfate is formed but instead of being pushed 
downward and caught by exchanger granules be- 25 
low it is now swept out of the top of the ex- 
changer with the solution in back of if acting as 
a wash for the upper pars of the bed. We have 
îound that by operating in this manner if is pos- 
sible fo use lime for the regeneration of beds 80 
containing sulfuric acid and other acids forming 
sparingly soluble calcium salts, such as phos- 
phoric acid or phosphates. 
The effluent from this bed thus is a solution of 
soluble calcium salis including calcium chloride 35 
and calcium nitrate, and the like. It also con- 
tains some calcium sulfate which is dissolved 
but most of the calcium sulfate is suspended. 
The calcium sulfate which cornes out in solution 
appears fo be in the form of a super-saturated 40 
solution with respect fo calcium sulfate. To 
this solution is then added a further supply of 
lime and the resulting mixed solutions of calcium 
salis and calcium hydroxide (which precipitaes 
most of the calcium sulfate previously main- 45 
tained in the supersaturated solution) is then 
clarified, preferably by settling, followed by fil- 
tration of the decanted solution. Ai this point 
the solution contains appreciable amounts of 
lime and soluble calcium salts (chloride, nitrate, 50 
etc.). "vVe have round that this solution is suit- 
able for further regeneration of anion exchangers 
and that if may therefore again be passed 
through the exchanger bed for this purpose. The 
effluent regenerant then obtained will contain 55 
more soluble calcium salis and more suspended 
cs/cium sulfate. If may be subjected fo the saine 
treatment as described above and this re-cycling 
of if may be continued until no more acid is re- 
movable from the exchanger bed thereby. In 60 
this manner, even though lime is a base which 
is relatively sparingly soluble in water and also 
in calcium sali solutions the saine amount oî 
water has been used repeatedly and has therefore 
been instrumental in removing acids in chemical 6 
equivalent amounts far exceeding that of the 
lime soluble in this amount of water ai any one 
pass. 
A ordinary temperatures the solubility of 
Ca(OH)2 is of the order of 1-1.5 grains per liter 70 
which amounts fo oniy 1500-2400 p. p. m. as 
NaCl. Often the acidic solutions fo be purified 
contain acids in concentrations of the saine order 
of magnitude which would evidently tender im- 
practical the use of chemically equivalent volumes 7. 
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of lime solutions without reuse of the water con- 
tent. 
Therefore the recirculation of the saine water 
in successive passes through the anion exchanger 
beds during regeneration is a substantial advan- 
rage which contributes significantly to its use- 
fulness. 
The following specific example illustrates how 
out invention maF be carried out in practice; it 
is hot to be construed in a limiting sense. 
To prepare the basic form of a conventional 
synthetic aliphatic amine anion exchange resin-- 
namely, a condensation polymer having active 
amine groups incorporated in the polymeric 
structure--a 250 grain portion of this exchanger, 
as receied, was contacted in a 3 liter fiask of 
1500 cc. with a 7% solution of sodium carbonate 
for tvo hours. The exchanger was then col- 
lected on a Buchner funnel, washed with distilled 
water until the effluent was free from chloride 
and sulfate ions (silver nitrate and barium chic- 
ride tests) and had a ptt of 7-8. The exchanger 
was then dried fo constant weight at 80 ° C., 
cooled, screened and the 20/40 mesh portions 
were used for further tests. 
The capacltF of the above basic exchanger, M', 
expressed in mflliequivalents of acid absorbed 
per grain of bone dry exchanger (dried at 80 ° C.) 
was measured by converting samples of this basic 
form completely to the salt form; this was donc 
by means of a large excess of sulfuric acid and 
nitric acid, respectively. The capacity, 1[', ex- 
pressed as milliequivaIents of acid per grain of 
bone dry exchanier was found in this manner to 
be between 7.4-8.0 
A glass column, 14 inches long and 1/ inches 
internal diameter was packed with 6 cubic inches 
Of this v¢et anion exchanger material in the basic 
sodium carbonate regenerated form, consisting 
of a conventional synthetic aliphatic amine 
anion exchanger resin (marketed under the naine 
of DeAcidite by the Permutit Company and pre- 
pared in accordance with U. S. Patent No. 
2,442,989). This volume of wet exchanger con- 
tained 15 grains of bone dry exchanger. 
24.3 liters of an acid solution, A, containing 
2.25 m. eq./1 of hydrochloric acid and 0.90 m. 
eq./1 of sulfuric acid, having a pli of 2.4, were 
percolated v¢ith downflow through the column at 
the rate of- 70-80 ct./minute. The collected efflu- 
ent had a pli of 5.0 showing that nearly 76.5 
m. eq. of acids had been adsorbed by the ex- 
changer. The distributîoD_ of the acids in the 
various portions of the exchanger bed was .then 
determined as follows. 
The column was diided into seven substan- 
tially equal segments, by volume, numbered from 
top fo bottom; the contents of each segment were 
then regenerated with known amounts of 0.519 
N sodium carbonate solution (given in Table I, 
column 2, ëxpressed as millequivalents) in 125 
mi. Erlenmeyer flasks, filtered and washed free of 
excess sodium, carb0nate. The filtrate and wash 
wters were then combined and ruade up to the 
mark in 250 ml. volumetric fiasks. Each of these 
solutions was analyzed for total acid, sulfate, and 
chloride, the. resuIts being, listed in Table I. 
In order to deermine the acid content of each 
segment, the exchanger therein was treated with 
and excess of the sodium carbonate solution, 
flltered and %vashed, as described, and the ex- 
cess of sodium carbonate determined by back 
tïtration of an aliquot portion of the measured 
solutïon, With standard acid. (Table I, col- 
umn 3.) 



To determine the chloride content of each seg- 
ment, another aliquot portion of the .50 ml. solu- 
tion was flrst acidifled with' dilute nitric acid, and 
titrated to a salmon pink with 0.0256 N silver 
nitrate solution using saturated potassium chro- 
mate as indicator (Table I, column 6.) 
To determine the sulfate content of each seg- 
ment, aliquots of the 250 ml. solutions were acidi- 
fled with hydrochloric acid to a methyl orange 
endpoint, heated fo b0iling, and the barium sul- 
fate precipitated with suflïcient 10% barium chlo- 
ride solution at the bofling point, digested , quanti- 
tatively collected on tared Gooch crucibles, dried, 
weighed, and calculated as m. eq. sulfuric acid 
per segment (Table I, column 7.) 
TABLE I 

Segment NaCO 
No. Added 
1 ............ 25.95 
 ............ 20.76 
3 ............ 20.76 
4 ............. 20. 76 
5 ............ 20.76 
g ............ 20.76 
'. ........... 20. 76 

M. em Grains Bone 
NaCOs Dry Ex- 
changer per 
Excess segment 
4.07 8.12 
10.03 1.78 
12. 32 1.67 
11.40 2.08 
11.53 2. 55 
11.99 1.94 
12.44 l. 84 

Total ......................... i .............. 

Total m. eq. 
acld per seg- 
ment, by 
difference 

20.88 
10.73 
8.44 
9. 36 
9.23 
8. 77 
8.32 

75. 73 

M. eq. 
HC1 
(AgN0a 
test) 

2.53 
8.10 
8.46 
9. 
9.25 
8.79 
8.19 
54.65 

It can be seen from Table I that the sulfuric 
acid is preferentially removed over the hydro- 
chloric acid and such selective removal is localized 
ai the top of the column, that is, ai that portion 
of the exchanger which flrst meets the incoming 
acid solution mixture. 
The column was reassembled, the exchanger 
wetted with distilled water and replaced in the 
columu regenerated with sodium carbonate as 
described above and exhausted with downflow 
by 25 liters of the same HC1--H2SO4 solution, 
A, which contained 78.75 milliequivalents of acids 
at a rate of 80 cc./min, fo attain a pie of 5. 
This shows that nearly 78.8 m. eq. of acids 
had been adsorbed by the exchanger. 
The exhausted bed was next regenerated by 
upflow of 1000 cc. of a clear aqueous solution of 
calcium hydroxide, B, which was passed through 
the column in multiple passes. Table II, pass 
numbers, 1, 2 and 3 give the data of this flrst 
lime regeneration. 
ïïae column now in the active form was washed 
with 3.5 liters of distilled water until the effluent 
had a pli of 8 and was free of any calcium salts 
(oxalate test) and then the exchanger was again 
contacted downflow with 23.2 liters of acid solu- 
tion A at the rate of 60 cc./min. This shows 
that nearly 73.1 m. eq. of acids had been ad- 
sorbed by this lime-regenerated exchanger and 
that therefore this exchanger was effective in 
removing substantially the saine amount of acids 
as the sodium carbonate regenerated exchanger. 
Again the column was regenerated by upflow 
in three passes (pass 4, 5 and 6) with 1000 cc. 
of a clear lime solution C. The solution C was 
ruade by dissolving more lime in the effluent of 
pass 3, which contains the dissolved calcium 
salts removed from the exchanger in passes 1, 
2 and 3 and flltering. Each pass involved 1000 
cc. of the regenerant solution which was passed 
through the bed in opposite direction fo that 
 of the acid solution, i. e., in such a manner that 
if left the bed after traveling through the column 
at the point where the acid solution A had previ- 
ously entered. In Table II, passes 4, 5 and 6 
give the results of this regeneration. 

TABLE II 
Lime regeneration 

Influent Regenerating 
5 I Lime Solution 
Psss No .... 
pHm.eq. f a(OH) 
1 ....................... ï2.i 12 4 44 8 
2 ........................... 12.1 39.2 
I0 3 ........................... 12.1 43.2 
4 ........................... 12.1 40.8 
5 ........................... 12.2 40.1 
6 ........................... I2. 2 41.5 
7 ............................ I2.1 42. 7 
8 ........................... 12.0 40.3 
9 ........................... I2.1 40. 9 
15 

Effluent 
Regenerating 
Solution 

pH 

2.8 
3.1 
12.0 
2.8 
9.0 
11.9 
9.5 
11.1 
11.8 

eq. 
HSO 
(BaCl 
Gooch) 
19. 91 
I. 93 
None 
None 
None 
None 
None 
2'1, 84 

30 After pass number 6 the bed was washed free 
of calicum salts (oxalate test) until the effluent 
had a pli of 8 by 3.0 liters of distilled water. 
The solubility of lime at ordinary temperatures 
in calcium chloride solutions (Table III) is suf- 
35 flcient to repeat recycling until the concentra- 
tions of calcium chloride of much more than 
10% are reached. Even at 30% calcium chloride 
the solubility of lime is 43.9 m. eq. Ca(OH)z per 
liter at 20 ° C. 
40 TABLE III 
Grains Ca(OH)er 100 cc. CaC12 Solution 
Temp . -- -- 
20 ° C__I .1374 I .1370 I .1661 [ . 1993 I L 1857 ] L 1661 I L 1630 
4°°°--I "11621 '111 '14'91 "17811"22491 ''°2° 

Table III taken from: J. W. Mellor, A Comprehensive Treatise on 
Inorganic and Theoretical Chemistry, p. 679, 1923, Lonmans, Green 
50 & Ce., N. Y. 
 Results affect¢d by separation of oxychloride which lowered the 
amount of dissolved calcium chloride. 
To show the effect o passing the regenerant 
and acid mixture through the exchanger in the 
55 same direction, the regenerated bed was now 
exhausted, with downflow, by 250 ce. of solution 
D, containlng 24.83 m. eq. of suHuric acid and 
49.73 m. eq. o£ hydrochloric acid. This solution 
D was chemieally equivalent to 23.65 liters of 
60 acid solution A. The effluent was collected 
(240 ced and 10 ce. required but one drop of 
.0135 N NaOH to realize a pie of 7. 1000 ce. of 
the effluent of pass number 6, Table II was 
charged by dissolving more lime, flltered, and 
65 repassed through the bed with downflow. The 
results are given in Table II, passes numbers 
7, 8 and 9. 
If was observed that the eiïluent of the 
regenerant solution in passes 1, 2 and 3 and 4, 5 
7O and 6 were turbid, indicating the presence there- 
in of undissolved calcium sulfate, whereas the 
eaïluent of pass 7, 8 and 9 were clear solutions 
and the upper part (about /) of the exchanger 
in the column which contained the sulfate was 
75 lighter in color due to the retention therein of 
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7 
precipitated calcium sulfate. The effect of this 
precipitation is seen by comparing in Table l-I, 
passes 7 and 8 with passes 1 and 2 and passes 
4 and 5. While with flow in opposite directions, 
the surface of te exchanger particles are con- 
tinuously avail.able for reaction with lime, there- 
by consuming it efliciently, they were coated 
with precipitated calcium sulfate in the flow in 
the saine direction which decreased proper con- 
tct and caused the inefficiency of regeneration 
shown in Table II. 
If should be understood that the present dis- 
closure is for the purpose of illustration only 
and that this invention includes all modifications 
and equivalents which fall within the scope of 
the appended claires. 
We claim: 
1. Method of treatinE anion exchang'e mate- 
rials, a localized top portion of which is in com- 
bination with an acid which forms an insoluble 
salt with an alkaline earth metal and a lower por- 
tion of which is in combination with an acid 
which forms soluble salts with alkaline earth 
metals, to re,enerate the saine fo basic form, 
comprising the step of circulating an aqueous 
solution of alkaline earth metal hydroxide 
ward through said anion exchange material. 
2. Method of treating anion exchange mate- 
rials, a localized top portion of which is in com- 
bination with an ' acid which forms an insoluble 
salt with calcium and a lower portion of which 
is in combination with an- acid which forms sol- 
uble salts with clcium, fo regenerate the saine 
gO basic- form, comprising the step of circulating 
an aqueous solution of calcium hydroxide 
ward through said anion exchange material. 
3. Method of treating a synthetic aliphatic 
amine anion exchange material, a-localized top 
portion of which is in combination with an acid 
selected from the group consisting of phosphoric 
and sulfuric and a lower portion of which is in 
combination with hydrochloric acid, fo regen- 
erate the saine to basic form, comprising circu- 
lating an aqueous solution of calcium hydroxide 
upward through said anion exchange material. 
4. Method of treatinl anion exchange mate- 
rials, a localized top portion of which is in com- 
bination with an acid selected from the group 
consisting of phosphoric and sulfuric and a lower 
portion of which is in combination with an acid 
which forms soluble salts with alkaline earth 
metals, to regenerate the saine to basic form, 
comprising circulating an aqueous solution of an 
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a]kaline erth- moral hytroxide  upward through 
said aniori exctlange material. 
5. Method of treting anion exchange mate- 
riais, a localized top portion of which is in coin- 
5 bintion with al acid selected from the group 
consisting of phosphoric and sulfuric and a lower 
portion of which is in combination with an acid 
which forms a soluble calcium salt, to regenerate 
the same fo basic form, comprising circulating an 
aqueous solution of calcium hydroxide upward 
though said anion exchange material. 
6. Method. of treating anion exchange mate- 
riali, a localized, top portion of which is in com- 
bination, with an acid selected from the group 
c0nsisting of phosphoric and sulfuric and a lower 
portion of which ïs in combination with an acid 
which forms soluble salts with alkaline earth 
metals, fo regenerate the sa.me te basic form, 
comprising ciculating an aqueous solution of an 
alkaline earth moral hydroxide upward through 
said anion echange material adding more alka- 
line earth metal hydroxide to the effluent regen- 
erant therefrom, flltering said- effluent regen 
erant and circulating the flltered solution again 
through such a bed of anion exchange resin. 
7. Method of treating anion exchange mate- 
rials, a localize-d top portion of which is in com- 
bination wt an acid selected from the group 
consisting of phosphoric and sulfuric and a lower 
portion of which is in combination with an acid 
which forms a solubIe calcium sali, to regen- 
erate the saine fo basic form, comprising cir- 
cuIating an aqueous solution of calcium hydrox- 
ide upward through said anion exchange material 
35 adding more calcium hydroxide to the effluent 
reg.enerant theefrom, flltering said effluent re- 
.genm'ant and circulating the filtered solution 
again through such a bed of anion exchange 
resin. 
40 WALTER JUDA. 
MORRIS CARRON. 
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